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Introduction
www.500wan.com is the biggest Chinese online gambling company which supplies more than 20 types of game in mainland of China. The game that attracts my attention is "pick 5 out of 22", since the game's webpage updates information called "hot and cold number information" that displays what were the most/least popular numbers (hot/cold numbers) among those previously entered by bettors in the same round of the game. By grasping the information data, I try to dig out, first, how this information influences bettors' behavior other than winning numbers in prior rounds. More importantly, what I intend to investigate is how bias unfolds across time, if any bias exists in the market. To the best of my knowledge, both points have not been documented in lottery games before.
Principally, predicting winning numbers in lottery games is an impossible mission. Because the drawing procedure is (assumed to be) random and independent, the winning probability should be equal across numbers in each draw. And the frequency with which a number was drawn in a previous game does not provide any hint about whether the number will be chosen again in a current game. However, over the past decades, the anomalies that violated these statements were found among bettors' behavior both experimentally and empirically. Therefore, I shall consider the following anomalies caused by hot and cold number information, as well as previous winning numbers that would possibly appear in the market.
The first bias that could be taken into consideration is the favorite-longshot bias which describes bettors underestimating the winning probability of favorite and overestimating the winning probability of longshot (Ali, 1977) . It has often happened in both financial market and racetrack games. In horse racing, when bettors join the game, they could see the temporary odds for each horse. It has been empirically proved that bettors often give a horse a lower subjective probability when it has a higher objective probability of winning, and a higher subjective probability when it has a lower objective probability of winning. Researchers gave out some possibilities for the bias, e.g., it is a Kahneman-Tversky type error, and people enjoy choosing the longshot, even for some irrational reasons, such as the position of the horse (See Thaler and Ziemba, 1988) . Furthermore, people argued that the bias is caused by the inside traders (Shin, 1991 (Shin, , 1992 (Shin, , 1993 or the transaction cost (Terrell and Farmer, 1996) . In the market I investigate, hot and cold number information is considered to be a similar type of information to the odds shown in horse race. Therefore, it is reasonable to conjecture that bettors in the lottery market are subject to favorite longshot bias after seeing the information.
The second anomaly that was often found in lottery games in prior research is the gambler's fallacy. Gambler's fallacy is the belief that the probability of an event becomes smaller after the event has occurred recently, even though it is objectively known that the probability of the event is independent across trials. This first emerged in Tversky and Kahneman's (1974) experimental work which pointed out that subjects acted as if an event was negatively correlated with a prior event, even though it was common knowledge that all the events were independent. Tversky and Kahneman propose that people view chance as a self-correcting process, which means a deviation in one direction will lead to a deviation in the opposite direction so as to keep the equilibrium. The existence of gambler's fallacy has been proved not only in the lab, but also in the field. Terrell 3 (1994) examined a pari-mutuel game in New Jersey, where the payoff was shared by all bettors who hit the particular number. He found that the bet on numbers that had won the game in previous days decreased significantly and this effect virtually lasted for a long while. Such negative recency effect not only existed in lottery games, but also showed up in many other areas, for example in greyhound races (Terrell, 1998) , in Casinos (Croson and Sundali, 2005) , and so forth. On the homepage of the "pick 5" game, the information about which numbers were picked in the past is available as well. It could be the case that Chinese bettors are affected by this information, as in other markets. Therefore, the gambler's fallacy is the second bias tested in the paper.
While there is some evidence of biases, the existing evidence is less clean than one might ideally wish. The existing evidence suffers from the following limitations: first, in horse racing, where the favorite longshot bias was found, not every gambler could hold the idea that the winning probability is objectively equal for every horse, and it is difficult to adjust such a thought in order to compare the betting amount on each candidate. Most research calculates the objective winning probability, which is not possible to be available to bettors in advance. Further, it is hard to find out which participant has inside information that could help to bet more accurately, and the transaction cost is unknown as well. Second, in prior research, only each game's final bet data were available, which implies that researchers were only able to use simulations to know what was going on during the procedure of the game. This is an imperfect alternative for such investigation. A lot of detailed information is lost in this case. Third, either in horse racing or lottery games, it is not easy for bettors to receive clues about what others did during the game. For example, bettors bought a lottery ticket in a lotto shop where it was difficult to have full information about what the others chose. For gamblers in horse racing, they could only deduce what others did from the odds. Therefore, it is hard to assess the influence of the choices of others.
By contrast, in my data set, all the limitations mentioned above can be solved. Compared to horse racing, the objective probability of a number being chosen is identical for each number, i.e., 1/22. 1 Meanwhile, it excludes the possibility of inside traders or information: people have no way to increase their guessing accuracy by means of an internal transaction. Hence, the first limitation is solved. Second, the internet is a perfect medium to investigate the time pattern 2 of betting with real-time serial data that shows what happened in each fixed period of time, e.g., each half hour. It is more accurate than simulation for getting to know how the bets have developed across time.
And it is more powerful to conclude how bettors are influenced by the choices of others, since this information is more straightforward.
After all the limitations have been solved, I will investigate the market in the following steps. First, it is necessary to know how the hot and cold number information influences bettors' behavior, as well as whether the gambler's fallacy exists and interacts with this information. If any anomaly exists in the market, the second step would be to display how it develops across time. To the best 1 There are 26334 possible 5-number combinations between 1 and 22.Therefore, the winning probability of each 5-number combination is 0.0000379. 2 In this paper, the time pattern represents what numbers are picked over time within each draw of the lottery game, e.g., how many wagers each number has from the beginning until the updated time which is shown in "hot and cold number information".
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of my knowledge, this is the first research on the time pattern of bias with a single round of a lottery game with real data instead of using simulation technology. Last but not least, I will attempt to find out whether bettors rely on Chinese number culture in making their choice of number combination.
The paper is organized as follows. Part 2 introduces the game in detail and describes how the data are collected. Part 3 lists the hypotheses that will be tested in the paper. Part 4 gives an overview of betting behavior in the market. Part 5 will show the main findings in the market. Part 6 is the conclusion.
Game and Data Collection

The Game
As mentioned above, www.500wan.com is the first and the biggest online gambling company in mainland China. It supplies almost all the state gambling games and is regulated by the corresponding authority. The final draw is executed by the state lottery institution and shown live. "Pick 5" is a game where bettors choose 5 numbers between 1 and 22. Only the 5 numbers in the combination matter, but not the order of the numbers. Each lottery ticket costs 2RMB/0.31USD and each bettor can buy infinite number of such tickets. The bettor whose five-number combination is the same as the final draw gets to share the jackpot. The money is distributed on a pari-mutuel basis, that is, earning is equal to the jackpot divided by the number of winning wagers. 3 The size of jackpot is 50% of the present round's sale and will not be carried forward.
The rule reveals that the more money is put into the game, the bigger the prize is, but the more wagers win the game, the smaller each wager's prize is. There are small earnings as well. In each 5-number combination, the payoff depends on how many numbers match the winning numbers. If 4 numbers match, the payoff is 50RMB/7.6USD per wager, while if 3 numbers match, the payoff is only 5RMB/0.76USD. These payoffs are fixed and informed in advance.
Data Collection
The data is collected automatically by a JAVA 4 program that works on a server, so that it can collect data continuously. It grasps data from the code of the webpage every half hour and generates a .csv file every day.
The dataset includes two main parts. One part is the general information for each time of draw which contains the combination of winning numbers, the final bet frequency for each number, the total bet each day, etc. The data was collected from October 2009 to August 2010 (the round numbers are shown in Appendix I).
The other part is the time series data, information that is shown in "hot" and "cold" numbers. This information displays the top 10 hot numbers and top 10 cold numbers among bettors who entered game prior to the update of the information, which includes how many bet on hot and cold 3 In the past, researchers often described the jackpot as being divided by the number of winners. This is not fully correct, since it is possible that one bettor buys more than one lottery ticket. Therefore, I use wagers instead of winners. 4 The program is available upon request. 
Timing of Entering
In Terrell and Farmer's (1996) paper, they defined two types of bettor in gambling market: the pleasure bettor and the professional bettor. If people bet for fun, they enter the game as early as possible so as to have more enjoyment from purchasing the lottery ticket. This was recently tested experimentally (Kocher etc. 2009 ). Professional bettors, the other type, enter the game a short time before the end of the game because they can get the nearly final odds information in order to share the jackpot with fewer bettors. If two types of bettor both show up in the market, there will be significantly more bettors entering during the first and last few hours of the game than in between. It should be noticed that I only assume that pleasure players prefer to enter at the beginning of the game and professional players prefer to enter at the very end of the game. However, it cannot be deduced that all bettors who entered earlier are pleasure bettors, nor that bettors who entered later are professional bettors.
Hypothesis 1: At the beginning and the end of the game, more bettors enter than in between. 
Hot and Cold Number Information
Supposing the aim of purchasing a lottery ticket is to win as much money as possible, given that bettors do not have the ability to change the winning probability as they want, by intuition it will be rational to choose the least popular numbers, so that people can share the jackpot with less winners and earn more money. For the game I investigate here, it specifically means people should focus on the cold numbers shown in the information and choose the five which have the least bets of all.
Hypothesis 2: The less popular (cold) a number was, the more bettors chose it.
The more popular (hot) a number was, the fewer bettors chose it.
Gambler's Fallacy
It is proved both in the lab (Tversky and Kahneman, 1974; Morrison and Ordeshook, 1975) and in the field (Clotefelter and Cook, 1993; Terrell, 1994 ) that bettors were subject to gambler's fallacy in the lottery game. In Clotfelter and Cook's paper (1993) , they found that after a 5 From the code of the webpage, I get all 22 numbers' wagers in each half hour. Therefore, this is a full dataset instead a dataset showing only the top 10 and bottom 10. 6 The last half hour's information could not be seen by the bettors since the new round had already begun. But we could get this data from the code of the webpage for analysis.
7 Time possibly influences the entrance as well. Since the game starts at 19:40, people would get to sleep and go to work afterwards. Therefore, at the beginning and the end of the game, it is easier for bettors to enter the game.
6 number was picked in the previous game, the amount of bets on this number fell sharply and it took a few months for this number to recover to original bet level. Later, Terrell (1994) challenged this result with a parimutuel lottery game and found similar results, although the effect was weaker than before. I suppose that in the market I have investigated, bettors are influenced by prior winning numbers as well. But I propose the effect will not last as long, for the following reasons: first, for each day, 5 numbers are picked. Therefore, each number will receive less focus than the games mentioned above, since in their games, only one number was picked for each round of game. Second, in the "pick 5" game, there are only 22 numbers to choose from, and each time, people need to choose a 5-number combination, which means the re-picking rate is higher than before. Therefore, the effect could last for a very short time only.
Hypothesis 3: Bettors are subject to gambler's fallacy. But the effect lasts for a short while.
Time Pattern of Biases
Gambler's Fallacy
Suppose the market has two types of bettor, as mentioned above. By intuition, pleasure bettors would be influenced more by prior winning numbers while professional bettors would insist that prior winning numbers are independent of the draw in the present round. Therefore, if pleasure bettors enter the game earlier, while professional bettors enter later, the effect of gambler's fallacy should become weaker over time.
Hypothesis 4: The gambler's fallacy effect becomes weaker across time in a round of the game.
Jørgensen et al. found that if a number was on a streak, i.e., if that number won the game continuously, people's attitude would switch to prefer choosing it; this is called "hot-hand fallacy". Therefore, I make the hypothesis that if a number was picked continuously in the "pick 5 game", bettors' attitude towards this number would switch from gambler's fallacy to hot-hand fallacy.
Hypothesis 5: Gambler's fallacy switches to hot-hand fallacy if a number won the game extremely often.
Hot and Cold Number Information
At the beginning of the game, the sample size for hot and cold number information is relatively small. Pleasure bettors prefer their own favorite numbers more than the numbers popular among others. 8 And professional bettors who intend to enter the game later in a round would rely on this information more, since this is an indication for the odds which directly related to how much they could earn in the game. Therefore, information about hot and cold numbers should make people go in the opposite direction. This means that the more popular a number was in the 8 In the paper by Jørgensen papered al., it is proved that most players did not change their number combination week after week. 7 information, the less likely it is that people will choose it. And later entrants are affected more than earlier ones, since more professionals enter later.
Hypothesis 6: The influence of hot and cold number information is getting stronger over time.
Number Preference
It is necessary to notice the influence of Chinese number culture which often gives an indication for how numbers are chosen, especially in gambling. Many Chinese hold the idea that number 8 is a lucky number, while number 14 is an unlucky one. 9 Therefore, it could happen that more people would like to choose number 8, but not number 14, in the lottery market, especially for pleasure bettors.
Hypothesis 7: Number 8 will have more wagers, while number 14 has less.
Overview
For the ease of understanding, I first explain the notations that are used in this paper. In a "pick 5" game, there are 22 numbers that bettors can choose from, which are notated as i (i=1, …, 22). Each round (r) of the game starts at 19:40 Chinese time and ends at 19:40 the next day, which means each round of the game lasts for 24 hours. The point at which the information updated is marked with t (t=1,…,48). At each time t, there is one set of observations that has 22 data points that show how many bets BET i,r,t there are on each number i.
Principally, if bettors are unbiased, 22 numbers should receive nearly equal bets at the end of each round of the game. In order to know whether this is the case, Figure 1 shows the mean of final wagers on each number. The solid line is the mean of wagers if people hold the idea that the winning probability is the same across numbers and randomly choose 5 numbers out of 22. The dash line is the mean of real wagers on each number. It is obvious that people put different bets on each number and the discrepancy is huge, which shows a bias towards numbers. Among all, number 8 has 1342 wagers on average, which is the number chosen most often, while number 1 has only 934 wagers. Numbers 14 and 22 are the bottom 2 and 3 numbers and have 1121 and 1127 wagers on average, respectively. Apparently, the difference cannot be simply ignored. As mentioned before, Chinese number culture does have an effect on choosing numbers, since number 8 has the most wagers, while number 14 is picked much less often than the average.
Figure 1 Mean of Final Wager for Numbers 10
As mentioned before, both professional bettors and pleasure bettors are possibly in the market. Since the game I am studying now is a pari-mutuel game, the best strategy for bettors, especially professional ones, would be to enter the game a short while (e.g., in the last half hour) before the end of the game because people could have the information of the odds near the end and bet on the least popular numbers, in order to share the jackpot with less people to earn more money. On the other hand, pleasure bettors could enjoy more pleasure if they held the lottery ticket from the beginning of the game. Therefore, pleasure bettors would like to enter the game once it starts. If the game has both types of bettor, it is possible to have more bets at both ends of the time line than in between. This is proved in figure 2 , which shows the mean of the increase of bets across time. It is obvious that, in each round, at the beginning and the end of game, there are more wagers than in between. The amount of bets increases sharply from T=1 and reach the peak at T=7. Then, it falls down dramatically until around T=16. After that, it recovers gradually and has grows relatively fast from T=37 until the end of game. Hypothesis 1 is supported.
10 See Appendix III Table 1 for a summary statistic of bets on each number. 
Results
In this paper, I only focus on the information supplied by the main webpage of the game which includes the winning numbers from the last eight rounds, the previous round's payoff, hot and cold number information and so forth. I do this because my main focus is the influence of hot and cold number information and the time pattern of biases. The main webpage supplies enough information for these research goals.
In this session, I will discuss what I got in two main parts. In 5.1, I mainly introduce regressions of bet on different information (e.g., prior winning numbers, hot and cold number information) in order to show what biases are found in the market. Then, in part 5.2, I will figure out how the biases unfold across time in a single round of the game namely "the time pattern" of biases. And in part 5.3 the Chinese number culture is used as a possible explanation for findings in part 5.2.
Biases towards Information
In this part, I mainly analyze how the information shown on the homepage influences betting behavior, and I report all the biases found in the market step by step. First, I will test whether bettors are subject to gambler's fallacy in the Chinese market, with each round's final data as prior research. Then, I add hot and cold number data into regression and report the results tested with full data set.
In order to control for the amount of daily sale, I use the bet's proportion P i,r,t instead of the absolute bet for analysis: P i,r,t =BET i,r,t /(ΣBET j,r,t + BET i,r,t ) (i j) BET i,r,t -Bets number i has at time t in round r. P i,r,t -Percentage of bets number i has at time t in round r.
First, I examine whether bettors are subject to gambler's fallacy, as observed in prior studies. Although bettors could have full information about numbers that won the game before, the main purpose of this paper is to test the influence of information on the homepage of the game which lists the information about the winning numbers from the previous eight rounds, particularly with regard to hot and cold numbers. Therefore, I test whether the winning numbers from the previous eight rounds influence betting behavior with regression (2 The result in regression (2) shows that not all the winning numbers in past eight rounds have significant influence on betting behavior, so I do the stepwise estimation from regression (2). Finally, I get the result that only winning numbers in the previous four rounds significantly affect betting behavior, as shown in regression (3). In the regression, all the coefficients are statistically significant at high level (see Appendix III, Table 2 ). The negative marks of the WIN dummies' coefficient indicate that bettors underestimated the probability of a number being picked in the present round if it won the game in any of the past four rounds, which gives support to Hypothesis 3 that bettors are subject to gambler's fallacy as in previous research. Moreover, the coefficients show that the effect of gambler's fallacy fades as the win is further to now. There are 22 numbers on which players can bet, which are drawn with equal probability. If bettors are unbiased, all WIN dummies' coefficients should therefore be 0, and the constant α in the regression should be equal to 1/22=0.0455. Each number should be chosen with percentage 4.55%. The fact that the constant is larger is the result of the fact that all coefficients of WIN dummies are negative. In the present round, the percentage of bets on numbers that won the game in the previous round is 0.0475632-0.0048778=0.0426854, which is 93.91% of the normative percentage, i.e., 6.09 % less. And for the number which only won the game in round r-2, this percentage increases to 98.70%, i.e., only 1.30% less, which means the influence of numbers that won in round r-2 is weaker than the ones in round r-1. This is similar to the results found by Clotfelter and Cook (1993) and Terrell (1994) , who found that the winning numbers' impact decreases gradually over time. However, if 11 Here I only analyze whether bettors are subject to gambler's fallacy with final wager data as in prior research.
The time serial data will be regressed later. The time pattern for the influence of gambler's fallacy will be shown in 5.2.
11 the number won both in round r-1 and round r-2, the bet's percentage is 87.97% of the normative percentage (more details in the discussion), which means that a repeated win convinces bettors that this number will not be picked again for some time. However, it will be proved later that if a number was continuously picked four times, people will start believing that this number will be picked again with a higher probability.
In this market, the influence of winning numbers on betting behavior lasts for only four days, which is a much shorter period than for previous results, e.g., sixty days. I propose that this is caused by the fact that the choice set in the "pick 5" game is much smaller (choose 5 numbers out of 22, ratio=1/4.4), compared to past games (e.g., choose 1 number out of 1000, ratio=1/1000), which leads to faster re-picking of the numbers.
Result 1: Bettors are subject to gambler's fallacy. The overall betting behavior is influenced by the past four rounds' winning numbers if only each round's final data is taken into consideration.
Besides winning numbers in past rounds, the homepage simultaneously supplies information of hot and cold numbers among bettors who entered the present round earlier. It is noticeable that "pick 5" is a pari-mutuel game that means the payoff for each is the jackpot divided by the number of winning wagers. As conjectured before, the best strategy in such a type of game is to choose the least popular numbers among others because there will be less people to share the jackpot.
First, I calculate the following percentage:
PC i,r,T =(BET i,r,t -BET i,r,t-1 )/(Σ(BET j,r,t -BET j,r,t-1 )+(BET i,r,t -BET i,r,t-1 )) (i j) (BET i,r,t -BET i,r,t-1 ) -Bets on number i between time t-1 and t in round r;
Σ(BET j,r,t -BET j,r,t-1 ) -Sum of bets on number j (i j )between time t-1 and t in round r; PC i,r,T -Relative change of bets on number i between t-1 and t in round r. T stands for the time slots between t-1 and t, T=1,….,47.
It is already proved that winning numbers in the previous four rounds influence betting behavior. Now I take both winning numbers in the previous four rounds and hot & cold number information into account. First I regress PC i,r,T on winning numbers in the previous four rounds and the rank of number i at time t-1 in round r. RANK i,r,t-1 -Rank of number i 's bets at time t-1 in round r (e.g., the hottest number's rank=22 and the coldest number's rank=1). 12 This information is updated every half hour and there is no 12 If there is a tie, I give each number the mean rank as follows: R=ΣR i /n. R-rank of number; ΣR i -sum of ranks ignoring the tie; n-the amount of numbers whose bets are equal. For example, the bets for numbers are number 11=20, number 12=23, number 13=26, number 14=26, number15=26, number16=29. If we ignore the tie, the rank for number 13, 14, 15 should be 3, 4, 5. Then, after considering the tie, the rank should be the mean of three ranks history of such information available. In regression (3), I get the result that WIN i,r-4 influences bettors' behavior with other variables, but in regression (5), this effect is not significant(see Appendix III, Table 3 and Table 6 for details).
13 Therefore, I regress PC i,r,T on all variables except WIN i,r-4 and get the following result:
PCi,r,T=.0415234 -0.0037045WINi,r-1 -0.0018336WINi,r-2 -0.0008759WINi,r-3 + 0.0004576RANKi,r,t-1 SE (0.0000998) (0.0000955) (0.0000929) (0.0000922) (6.42e-06) adj R 2 =0.0426
The result in regression (6) confirms that both gambler's fallacy and guidance effect 14 affect bettors' behavior (see Appendix III, Table 4 and Table 6 for details). The coefficients in the regression show that winning numbers still have a negative effect on betting behavior and the number's rank has a positive effect. This rejects what was suggested in Hypothesis 2. For example, if a number was picked in the past round (WIN i,r-1 =1) and has the highest rank now (RANK i,r,t-1 =22), it is still preferable than in the unbiased condition (0.0415234-0.0037045+22*0.0004576 =0.0478861, which is larger than 0.0454545), which means the influence of hot and cold number information is stronger than gambler's fallacy in such a condition. This indicates that hot and cold number information shifts part of the bettors' attention from winning numbers in previous rounds to possible winning numbers in the present round, and the higher the rank of a number is, the stronger the effect is.
Because bettors' choices are subject to gambler's fallacy, which means the rank is partly the result of prior winning numbers, I add interaction items between WIN dummies and RANK into regression (6), as shown in regression (7).
PCi,r,T=.0411476-.0030395WINi,r-1 -.0013974WINi,r-2 -.0005271 WINi,r-3 + .0004878 RANKi,r,t-1 -.0000726 WINi,r-1* SE (0.0001201) (0.0001735) (0.0001781) (0.0001827) (8.39e-06) (0.000016) RANKi,r,t-1 -.0000423WINi,r-2* RANKi,r,t-1-.0000306 WINi,r-3* RANKi,r,t-1
The result of regression (7) supports the idea that hot and cold number information interacts with winning numbers in past rounds (see Appendix III, Table 5 and Table 6 for details). Take the case where the winning number from the past round is the current hottest number (and therefore has rank=22). Then the predicted net effect equals 0.0417476-.0030395 + 22*.0004878 -22*.0000726=0.456332955, which is larger than 0.0454545. It reveals that the current hottest number is to be chosen, even if it was picked in the previous round. This is also the case for hottest numbers that won the game in even earlier rounds (see the discussion for more details).
ignoring the tie that is (3 + 4 + 5)/3=4. 13 Here, the data I use is different from the one in regression (3). In regression (3), I used the final data here. But here I use the full data. Therefore, in regression (5), the result is different from the one in regression (3). The test in regression (3) is used as a comparable test with prior research only.
14 I define the effect of hot and cold number information as "guidance effect", since it gives bettors guidance on which number to choose in the game. It could also be defined as the reverse of extreme type of favorite long-shot bias.
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Here, Hypothesis 2 is rejected by even stronger evidence. The more popular a number was among earlier entrants, the more people pick it afterwards. This could partly be caused by the cultural attachment to special numbers, which will be discussed later.
Result 2: The hotter a number was among bettors who entered the game earlier, the more bettors who entered later picked this number.
In regression (6) and (7), while the correlation between betting behavior and winning numbers is negative, the relationship is positive between RANK i,r,t and PC i,r,T . To my surprise, the influence of hot and cold number information is on the opposite of what the best strategy suggests for parimutuel game. As the definition of guidance effect shows, later entrants followed the direction given by prior bettors in the same round instead of following the best strategy. This phenomenon is similar to the so-called "wisdom of crowds". In the "wisdom of crowds" situation, people have both private information and information about what others did. As more people made the same choices, it becomes more convincing that something important will happen, such as the looking sky story described in Surowiecki's book. 15 In such a situation, people prefer to make a decision on what others did rather than deciding on the basis of their own information. But there is a slight difference between the wisdom of crowds and guidance effect which leads me to prefer to use the guidance effect, i.e., in a lottery game, people know for sure that there is no "private information", because the winning probability is objectively equal for all numbers and nobody could influence the lottery's draw. Therefore, what others did does not provide any hint about something that later entrants do not know. They cannot use such information to convince themselves that what others did will happen with a higher probability.
One more thing worth mentioning is that I run the regression with a time lag as well, which tests whether the previous few slots of hot and cold number information jointly influence the selection of a number combination. The result shows that guidance effect does not have any lag consequence. I give out the following possible reasoning for future research: first, the rank did not change dramatically within a single round of the game. Therefore, it does not make sense to waste time on observing the information for a relatively long time (e.g., more than half an hour). Second, since there is no history of such information, it consumes a lot of effort to record it. So, it is easier to rely on one piece of such information. Third, it is about different types of bettor. Pleasure bettors would like to enter the game as early as possible. Their focus is to enjoy the waiting time until the end of the game more than seeing what happens at the end of the game. Therefore, they would be more likely to pick some numbers they love than rely on this information. As for professional bettors, they only need to look up the information when the game is nearly over, so as to choose numbers that could give them more possible earnings. It is not necessary to observe the information for a long while. Therefore, there is no significant time lag of the influence of hot and cold number information within a round of the lottery game.
It is important to note that the influence of hot and cold number information is different with the hot-hand fallacy. Hot-hand fallacy refers to a belief in positive autocorrelation of a non-auto correlated random sequence. For example, bettors believe that a lottery ticket's winning probability is higher if they buy the ticket from a shop that has sold a lot of winning tickets; this is defined as "lucky store effect" (Guryan and Kearney, 2008) . In this case, the reference is the shop's performance in prior events. If the performance was good in the past, people increase their estimation of the probability that a good performance will occur again in future in such a shop. But what I investigate here is the influence of information that pops up simultaneously with the event. Therefore, there is no indicator to show how well the information will finally work in the present round. People would argue that bettors might hold the idea that the information performed well on predicting in previous rounds of the game. Hence, they believe in the information they see in the present game. Therefore, this phenomenon is referred to as a hot-hand fallacy. But this argument is actually not supported by empirical evidence since the information is not that accurate. In order to know the degree of information accuracy, I calculate it in the following way:
a-accuracy of hot and cold number information;
R win -mean rank of winning numbers' BET i,t,r ;
R min -the minimum mean rank of 5 numbers (the mean rank of 5 coldest/least popular numbers), R min =3;
R max -the maximum mean rank of 5 numbers (the mean rank of 5 hottest/most popular numbers), R max =20.
If a=1, it means this information is 100% accurate. The smaller the a is, the less accurate the information is. The result is a =0.48449, which indicates that the information did not give out accurate prediction on winning numbers. If hot-hand fallacy is the explanation, bettors will not follow the information since it is not actually accurate.
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Another difference worth noticing is that in gambler's fallacy or hot-hand fallacy, the information of past performance will not influence present payoff because the two events are independent, but the hot and cold number information could influence each wager's payoff. Although the information is in the past, because it is still the information for the present round, the influence is different with the information that results in gambler's fallacy or hot-hand fallacy.
Time pattern of biases
Now I switch the attention to the time pattern of biases in lottery game. To the best of my knowledge, this is the first research on bias time pattern in lottery game. This will give us a direct picture of how the biases unfold across time in the game and supply more information on how bettors behave.
In order to see the effect of winning numbers on the bet, I first calculate the mean of PC i,r,T by separating WIN i,r-1 =0 or WIN i,r-1 =1(gambler's fallacy). Since in the regressions I concluded that 16 It is possible the case that bettors had illusion about the accuracy of the hot and cold number information which leads them subject to hot-hand fallacy. Or people hold the idea that prior entered bettors have the power to control the winning numbers or predicting the winning numbers which actually is an illusion.
the winning numbers in the past round had the strongest effect, I first show the time pattern of the gambler's fallacy caused by numbers won in the past round. From t=2 to t=6, the relative bet's change for numbers that won the game in the last round (WIN=1) decreases sharply, which indicates that the proportion of earlier bettors who were subject to gambler's fallacy increased fast. From t=5, this trend becomes smooth, which shows that the effect of gambler's fallacy increases, but in a relatively slower speed than before. The dotted line above the average displays that more bettors choose numbers that were not winning numbers in the last round (WIN=0) and PC i,r,T is pretty stable across time. The difference of aptness towards numbers won the game in the last round and numbers that did not win in the last round became gradually salient across time in a round of the game. The figure captures the fact that bettors who enter the game later are subject to more influence by numbers that won in the last round than bettors who entered earlier.
This result rejects what Hypothesis 4 suggested. Actually, the influence of winning numbers in the previous round becomes stronger over time.
If follows what was discussed in 3.1. Figure 3 could be interpreted as earlier entrants who are possibly pleasure bettors and are influenced less by the last round's winning numbers than later entrants who are mostly supposed to be professional bettors. This means professionals are possibly not that professional, which could be tested with individual data in future.
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Result 3: The later a bettor enters the market, the more serious he is subject to gambler's fallacy.
As shown in regression (3), the previous four rounds' winning numbers have an influence on betting behavior and it should be noticed that a number could possibly win in more than one round. Therefore, in Figure 4 , I separately show the time pattern of gambler's fallacy by the frequency with which a number won the previous game.
Figure 4 Time Pattern of the Gambler's Fallacy (2)
In Figure 4 , each line stands for the time pattern of PC i,r,T by how many times the number won the game in the past four rounds. For example, the black dotted line marked with WIN=2 shows the mean of the bet's relative change for numbers that had been drawn twice in the past four rounds (but may not be continuously picked). The figure reflects the fact that the more times a number won the game in the past four rounds, the fewer bettors chose this number in the present round. The time pattern is pretty stable across time for numbers that have won the game less than 4 times. It is worth noting that people's attitudes towards the numbers that won in all previous four rounds fluctuated considerably. Sometimes, it even went beyond the PC i,r,T of numbers that never won the game in the past four rounds. Consistent with prior research (Jørgensen etc., 2011), the bias switches to hot-hand fallacy for numbers that always won the game.
Result 4: the more times ( 3) a number won the game in the previous four rounds, the fewer bettors picked it, and the influence is pretty stable over time. If the number is on streak, i.e., won in all prior four rounds, the effect switches from gambler's fallacy towards hot-hand fallacy.
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. In order to see how bettors integrate the information of winning numbers in the previous four rounds as a reference, I distinguish the mean of the bet's relative change (PC i,r,T ) for numbers that did not win the game in any of prior four rounds with numbers that won the game at least once in the past four rounds ( Figure 5 ). Figure 5 displays the time pattern of PC i,r,T between two types of number. From the lines it is obvious to see that the time pattern of the gambler's fallacy is pretty stable, as in Figure 4 . The discrepancy of PC i,r,T between winning numbers and non-winning numbers starts at the beginning of the game and it did not change too much across time.The difference is statistically significant (paired t-test, p=0.00, two-tailed). This indicates that when we think about whether the number was picked in the past 4 rounds, the attitude towards such information is pretty uniform among bettors, no matter when they entered the game. Combining Figure 3 with Figure 5 , one may find that people who joined the game later considered more about what numbers had been picked in the last round, while earlier entrants tended to balance the influence of winning numbers in the past four rounds more. Now I switch to the time pattern of the guidance effect. The website lists the top 10 most popular numbers (hot numbers) and the top 10 least popular numbers (cold numbers) at the same time. But actually, bettors only need to choose a 5-number combination. Therefore, I provide the time pattern of the top 10 hot and cold numbers, as well as the top 5 hot and cold numbers' influence at the same time (Figure 6 ). Figure 6 displays the mean of the bet's relative change (PC i,r,T ) across time for the top 5 hot, top 10 hot, top 10 cold, and top 5 cold numbers. Again, it shows that hot and cold number information does affect bettors' behavior, as found in the regressions, and that the influence has become stronger across time. At the beginning of the game, there is already a slight difference of the bet's relative change between hot and cold numbers. The discrepancy grows gradually bigger when the information is composed by more bettors' choices. For hot numbers, the top 5 numbers' PC i,r,T has a faster increase than the top 10 numbers' one, which means the hotter a number was among prior bettors, the more people will pick it. The difference of PC i,r,T between top 5 and top 10 hot numbers is statistically significant (paired t-test, p=0.00, two-tailed). Similarly, for cold numbers, the colder a number was, the fewer people preferred it. This difference is significant as well (paired t-test, p=0.00, two-tailed). The time pattern of the guidance effect proves that hot and cold number information has a striking influence on bettor's behavior. The later a person joins the game, the more he is affected by the choices of prior bettors. This suggests that people concern more about what the others have already chosen rather than how many winners will share the jackpot,. They believe that, for a number, the more people chose it, the higher the probability is that this number will win the game. This is consistent with what Mannes (2009) found in lab experiments that concluded that people thought that a larger group's decision would be more accurate than a smaller group's decision. Hypothesis 6 is supported, but the influence is the opposite of what is suggested in Hypothesis 2.
Figure 5 Time Pattern of the Gambler's Fallacy (3)
Result 5: The later a bettor enters the game, the heavier he is influenced by the hot and cold number information. 
Number Preferences
From Figure 6 we could see that, at the beginning of the game, there is already a discrepancy between the bet's relative changes of top hot and cold numbers. By intuition, there should be no such big difference of bets among numbers, since in the first half hour the sample size of hot and cold number information is pretty small. But this is not the case in the market. There must be some other reasons that influence bettors' choices especially at the beginning of the game. This is what I want to test next, i.e., preference towards special numbers. For thousands of years, Chinese have been heavily addicted to special numbers, especially businessman who would like to pay more for getting a "good" number, e.g., a special cell phone number, car license number, etc. In Chinese number culture, 8 is an important number which could bring big fortune, while 14 is an unlucky number which people try to avoid. Now, I mainly introduce the influence of Chinese number culture which could partly explain the issue we observed in Figure 6 .
In order to illustrate, first, I calculate the mean of ranks for each number in the following way: for each round r and time t, I calculate the increase of bets between time t-1 and t and sort the changes. Then I give the number with the highest bet's increase with rank=22 and so forth. If there is a tie, I just use the average rank instead. Finally, I calculate the mean of ranks for each number across all data 17 . The result is shown in Figure 7 . It is clear in Figure 7 that once the number has won the game in the previous round, its rank decreases in the current round, but in different degrees for different numbers. And for numbers that were not drawn on the previous day, the ranks have a slight increase. From the perspective of preferences towards numbers, the solid line in Figure 7 clearly displays that bettors are edge-number-averse, that is, players are reluctant to choose edge numbers 1 and 22. Meanwhile, number 8 is the most popular number since it has the highest rank in all three conditions. Number 8's rank is significantly higher than number 5, which is the second-most popular one among numbers (t-test, p=0.00, two-tailed). Except edge numbers, number 14 has the lowest rank, which indicates bettors are not fond of it. The difference of rank between numbers 8 and 14 is 14.2. The dotted line shows the mean of ranks if the number won the game in the previous round. This is an indicator of gambler's fallacy on each number. Compared to other numbers, number 8 still has the highest rank, although it is lower than the other two conditions, while number 14 and edge numbers have lower ranks among numbers. Especially number 1 always has the lowest rank no matter whether it has won the game in the previous round or not. The comparison of ranks proves Hypothesis 7.
Besides the comparison of mean ranks, I also explore how the influence of special numbers develops across time (Figure 8 ). It demonstrates clearly in Figure 7 that the edge numbers 1 and 22 have very low ranks; number 1's rank in particular has nearly no change in any conditions. I refer to this phenomenon as "edge number aversion". than average, which is equal to 11.5. From Figure 8 , it could be read that no.1's rank declines very fast across time and falls to the bottom at t=10. The rank remains there from t=10 until the end of the game. For the other edge number, no.22, this effect is a little bit weaker, but as stable as the time pattern of number 1 from t=4 until the game is over. There is no special cultural reason that people do not like edge numbers. This is a question for further research.
Now we turn to the time pattern of ranks for the lucky number 8 and the unlucky number 14, as shown in Figure 9 .
Figure 9 Time Pattern of Lucky and Unlucky Numbers
At the beginning of the game, bettors start showing their preference towards the lucky number 8 and not towards the unlucky number 14. The lucky number 8, which has a higher rank than average, holds this position from the very beginning of the game. This advantage goes up until t= 9 and does not fall too much afterwards until the end of the game. On the other hand, the unlucky number 14's initial rank is already lower than average and drops very fast until t=9. This tendency does not relieve much from then on. First, Figure 9 partly explains why, in the initial part in Figure 6 , there is already a gap between hot and cold numbers even though the information is composed by a pretty small sample size. Meanwhile, the time pattern in Figure 9 proves that the bettors who entered the game later have a stronger attachment to special numbers than people who bet earlier.
Conclusion
This paper empirically studies anomalies in the Chinese online gambling market. The research is inspired by the hot and cold number information which lists the most and least popular numbers among earlier-entered bettors on the webpage of the "pick 5 out of 22" lottery game. In the game, people do not follow the best strategy of pari-mutuel game, which is to choose the least popular numbers over others so as to share the jackpot with fewer winners. Instead, they go with the directions given by the information and choose the most popular numbers over others. This is the first main finding of this research which has not been documented before. Besides the guidance effect, consistent with previous research, bettors are subject to the gambler's fallacy as well. However, compared to other research, the gambler's fallacy lasts much shorter in this game.
The second contribution of this paper is the time pattern of anomalies found in the market. As shown in the figures, if only one winning number from a previous round is taken into consideration, the gambler's fallacy grows stronger over time, which indicates that professional bettors are influenced more by prior winning numbers than pleasure bettors if both types of bettor are in the market. Moreover, if one takes numbers into account that were picked in the previous four rounds, the gambler's fallacy becomes stable, which reveals that later entrants put more weight on the winning number from the previous round, while earlier entrants prefer to combine the four previous rounds' winning numbers. On the other hand, guidance effect is increasingly bigger over time as well. The more popular a number has been, the more people like to choose it; and the less popular a number has been, the less people like to choose it. Bettors who join the game later are influenced more, which could be the result of the increasing sample size of the information.
From the time pattern of the guidance effect, we could deduce that, at the beginning of the game, there is already a discrepancy between hot-number and cold-number bets, which is surprising since the information is drawn from a very small sample size. Therefore, I investigate whether such a phenomenon is caused by Chinese number culture and confirm that Chinese number culture does influence people's choice of number combination. From the perspective of average ranks, number 8 always has the highest rank under any comparable conditions, since it is a lucky number in China, while number 14 has a pretty low rank, since it is an unlucky number. Besides, from the perspective of time pattern, number 8's rank is above the average from the beginning of the game until the end, while number 14's rank drops dramatically. Moreover, Chinese bettors are averse to edge numbers, which means they do not like to choose the edge numbers 1 and 22. This phenomenon is subject to future investigation.
The biases found in this paper give hints to both gambling authorities and operators, e.g., lottery ticket sellers. The main attraction of such game for gamblers is that, with an extremely low probability of winning, people could earn a huge amount of money once they get the draw. Although actually it is not possible to forecast the draw combination, people could get hints from others from the hot and cold number information, which could increase the volume of sales. This also adds fun for bettors who join the game for pleasure. It would be interesting to test whether the information about the behavior of others has a similar influence on other markets as well, e.g., on the stock market. Because the stock-market trade has no real end, as each day's final draw in the lottery market does, the influence of the information could be more powerful if there is any effect.
Discussion
Gambler's fallacy in regression (3)
In regression (3), I regress the final percentage of the bet on numbers that were picked in the previous 4 rounds, and get the following result.
FPi,r= 0.0475632 -0.0048778WINi,r-1 -0.0027007 WINi,r-2 -0.0014202 WIN i,r-3 -0.0002903 WINi,r-4
First, I discuss the effect by how many times a number was picked continuously from round r-1. Suppose that only WIN i,r-1 =1, that is, the number was a winning number in only one previous round, the net effect should be equal to 0.0475632-0.0048778=0.0426854, which is 93.91% of the normative percentage, i.e., 6.09% less. The smaller the net effect is, the stronger the gambler's fallacy is. The other situations are calculated in a similar way and listed in Table I . Table I displays the fact that the more times a number won the game continuously before, the less people choose this number in the current round, but the effect fades a lot as time passes, e.g., if a number was picked in both round r-1 and r-2, i.e., continuous win=2, the net effect is 0.0399847. If a number was picked once more in round r-3, this net effect decreases to 0.0385645. The difference of the normative percentage is 87.97%-84.84%=3.13%, while if a number was picked once more in round r-4, the change of the normative percentage is 84.84%-84.20%=0.64% which is much smaller than 3.13%. It is obvious that, each time when a number won the game again, the weight that people place on this number decreases. Therefore, although the effect gets stronger, the increase of the speed of effect slows down. My explanation is that the more often a number was picked before, the higher the possibility is that this number will not be picked again. And the more recently a number has won the game, the lower the possibility is that this number could be the winner one more time.
Anomalies in Regression (7)
Now I turn to regression (7) which reports the influence of winning numbers in the previous three rounds and numbers' present ranks with interact items.
PCi,r,T=.0411476-.0030395WINi,r-1 -.0013974WINi,r-2 -.0005271 WINi,r-3 + .0004878 RANKi,r,t-1 -.0000726 WINi,r-1* RANKi,r,t-1 -.0000423WINi,r-2* RANKi,r,t-1-.0000306 WINi,r-3* RANKi,r,t-1
It makes sense that there is an interaction effect between WIN dummies and number rank in the current round because the numbers that bettors choose are affected by previous winning numbers, which would partly cause the change of ranks. This is clearly proved in regression (7). Suppose a 24 number won the game in r-1 and its rank is 22 (the most popular number in the present round, e.g., number 8). The percentage of the bet's increase in period T is 0.0417476-.0030395 + 22*.0004878 -22*.0000726= 0.456332955, which is larger than 0.454545. This means, although the number won the game before, because it was the most popular number among bettors in the present round, it still has a 0.178% net increase. Remember that, if people are unbiased, the net effect PCi,r,t should equal 0.454545. But if people are influenced by information on the webpage, e.g., numbers that have won the game before or hot and cold number information, the net effect should be different from 0.454545. Compared to 0.454545, if the net effect is larger, it indicates that the guidance effect is stronger than the gambler's fallacy. Otherwise, the gambler's fallacy is weaker than the guidance effect. Table II shows the difference between net effect with biases and without biases. The first column is the possible rank a number has, i.e., from 1-22. Columns 2, 3, and 4 show the difference of net effect if a number was picked only in round r-1 or r-2 or r-3. First, place attention on each row. The longer ago it is that a particular number has been picked in the game, the bigger the difference between net effects is, i.e., the stronger the guidance effect is. Especially for Rank 11-17, at the beginning, the competing result between gambler's fallacy and guidance effect is that the gambler's fallacy wins. Later, however, the result switches to positive, which means guidance 25 effect has become stronger than gambler's fallacy. Now we turn to each column. The numbers change from positive to negative at Rank=17 in column 2, Rank=12 in column 3, and Rank=10 in column 4. The switching between positive and negative gets slower and slower. This means the competitive nature of the guidance effect becomes stronger and stronger. Therefore, the positive situation could last longer, i.e., when the number was picked in round r-2, it lasts until Rank=1. But when the number was picked in round r-3, it could last until Rank=11. Table 4 Result of Regression (6) Regression (7) PC i,r,T =α+β 1 WIN i,r-1 +β 2 WIN i,r-2 +β 3 WIN i,r-3 +γRANK i,r,t +δ1 WIN i,r-1 * RANK i,r,t-1 +δ2WIN i,r-2 * RANK i,r,t-1 +δ3WIN i,r-3 * RANK i,r,t-1 Table 5 Result of Regression (7) 
